Objective: We previously found psychotic depression (PSDEP) to have positively correlating plasma norepinephrine (NE) and vasopressin (AVP) concentrations. Since central noradrenergic activity and plasma NE concentration are highly correlated, this suggests an increased noradrenergic activation of the hypothalamus-pituitary-adrenal axis. We hypothesize the increased release of NE in PSDEP to be an associated mechanism. Methods: To test this hypothesis we analyzed the relation between plasma NE and PSDEP in a comparison with non-psychotically depressed patients. Potentially confounding variables were, among others, melancholia and two better validated subcategories in the field of melancholia and endogenous depression, three global dimensions of psychopathology -Emotional Dysregulation, Retardation and Anxiety -smoking habit, and different types of psychotropic and particularly antidepressant treatment. The data from nine patients with PSDEP and 69 patients with non-PSDEP were reanalysed. Results: Analysis of covariance controlling for the effects of tricyclic antidepressant treatment (≥100 mg) and smoking habit showed that PSDEP had an increased concentration of plasma NE. The previously found correlation between plasma NE and AVP was still present after correcting for the effects of confounding variables. Conclusions: The results suggest an increased activity of the sympathetic nervous system in PSDEP that may act as a specific mechanism for increased vasopressinergic activation. This supports the view of PSDEP as a distinct subcategory of major depression.
Introduction
This study on norepinephrine (NE) in psychotic depression (PSDEP) is part of a series of investigations within the same patient sample that aimed to develop an improved differentiation of subcategories of depression, and to detect neurobiological markers of these subcategories and of depression at large. The neurobiological focus of these studies is on vasopressinergic mechanisms in depression [Goekoop et al. 2010 ] and its subcategories [Goekoop and Wiegant, 2009; . The present study tests if PSDEP is characterized by a specifically high noradrenergic activation next to the increased noradrenergic-vasopressinergic coupling, evidence of which has been found previously in a comparison with non-PSDEP . We hypothesized the plasma concentration of NE to be increased as a mechanism associated with the positively correlating plasma vasopressin (AVP) and NE concentrations in PSDEP .
The potential role of increased release of NE next to the increased NE-AVP correlation in PSDEP may be seen in the context of the vasopressinergic mechanisms in animal models of depression [Aguilera et al. 2008; Landgraf, 2006] and noradrenergic mechanisms involved in the hypothalamus-pituitary-adrenal (HPA) axis. The role of NE in stimulating the HPA axis has been studied extensively [Al-Damluji, 1993] . In human subjects noradrenergic agents stimulate the release of adrenocorticotroph hormone (ACTH) via an α-1 receptor in the brain at the level of the paraventricular nucleus (PVN) of the hypothalamus, and not at the peripheral level of the pituitary [Al-Damluji, 1993] . Though such noradrenergic stimulation of the PVN in rats and mice involves the synthesis of both corticotropin-releasing hormone [Day et al. 1999] and AVP in the parvocellular neurons [Vacher et al. 2002] , the resulting release of ACTH depends particularly on the release of AVP [Al-Damluji, 1993] . We hypothesize that the increased noradrenergic activation suggested by the correlating plasma NE and AVP concentrations in PSDEP involves a centrally increased release of plasma NE. The correlation between central and plasma NE [Esler et al. 1995; Kelly and Cooper, 1997; Ziegler et al. 1977 ] enabled us to test this hypothesis by comparing the plasma concentrations of NE in patients with PSDEP and non-PSDEP.
The investigation of PSDEP is full of potential pitfalls due to many potentially confounding factors. As will be discussed below, PSDEP may have many nonpsychotic phenotypical admixtures that can be categorically or dimensionally defined and may be inherent to the disorder or not. As far as the categorically defined 'comorbidity' is concerned, to improve the assessment of potentially relevant subcategories of depression we used the highly anxious retarded (HAR) subcategory and the subcategory with above-normal AVP concentration (ANA) that have been derived from melancholia and familial depression [de Winter et al. 2004; Goekoop et al. 2006; Goekoop and Wiegant, 2009 ], next to the melancholic subtype according to the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV) [American Psychiatric Association, 1994] . In previous studies that only used DSM categories, one study found increased levels of plasma NE in a mixed group of patients with melancholia (n = 6) and PSDEP (n = 4) compared with a group of patients with nonmelancholia and non-PSDEP (n = 7) [Kelly and Cooper, 1998 ]. This corresponds with cerebrospinal fluid NE being increased in melancholia compared with normal controls [Wong et al. 2000 ]. Another study found no increase in plasma NE in four patients with PSDEP compared with 18 patients with non-PSDEP [Rothschild et al. 1987 ]. This negative finding may have been due to the low number of patients with PSDEP, but also due to lack of control for confounding variables.
As far as the multidimensional background of PSDEP is concerned, we used three global dimensions of psychopathology, called Emotional Dysregulation, Motivational Inhibition (Retardation) and Autonomic Dysregulation (Anxiety). These dimensions represent the nonmanic and nonpsychotic psychopathology of the six-dimensional global structure of psychopathology assessed by the semi-standardized interview of the Comprehensive Psychopathological Rating Scale (CPRS) [Goekoop et al. 1992 ]. Since Emotional Dysregulation correlates 0.95 with the Montgomery Asberg Depression Rating Scale (MADRS) [Montgomery and Asberg, 1979; , we used this dimension as the general measure of severity of depression. The potential usefulness of this approach is predicted by several findings. A previous study combined dimensions of psychopathology and subcategories of depression, and found that plasma NE was related to the melancholic subcategory and to Retardation in a group of patients with depression (mostly melancholic or previously melancholic depression compared with normal control subjects) [Roy et al. 1985a] . NE was related to Anxiety in the melancholic subcategory. Two series of studies have shown that PSDEP can be conceived to represent the highest level of severity on a global dimension of psychopathology: in one series of studies PSDEP was found to relate to high Retardation, while melancholia was found to have an intermediate position on that same dimension of Retardation [Parker et al. 1999] . In another series of investigations PSDEP appeared to relate to a global hierarchic dimension of psychopathology that comprises depressive symptoms at the lowest level of the hierarchy, specific neurotic symptoms at a higher level and psychotic symptoms at the highest level [Surtees and Kendell, 1979] . The symptoms of the nonpsychotic part of this hierarchy correspond to the symptoms found in the hierarchic global dimension of Emotional Dysregulation . These findings support the usefulness of a multidimensional assessment of nonpsychotic psychopathology to control for relations with PSDEP that could be explained by relations with the nonpsychotic admixture of that subcategory.
We also searched for potentially confounding effects on the concentration of plasma NE of current antipsychotic, antidepressant and benzodiazepine treatment and their dosages, type of antidepressant drug, smoking habit, sex, age, duration of the disease and inpatient or outpatient treatment. Smoking may immediately affect peripheral sympathetic activity [Grassi et al. 1994] , and long-term smoking may increase the NE concentration [Christensen and Jensen, 1995] . Long-term treatment with a tricyclic drug, at least 100 mg, has been found to increase plasma NE concentration [Veith et al. 1994] , while plasma NE has been found to be nonsignificantly decreased in patients with major depressive disorder treated with selective serotonin reuptake inhibitors (SSRIs) [Barton et al. 2007] . As far as we know, this method of analysing the plasma NE concentration as a potential biomarker of PSDEP, controlling for several confounding effects, has not been used before. Since in our previous study we did not analyse the effect of antidepressant drug type, we reanalysed the correlation between plasma NE and AVP in PSDEP. Antipsychotic drug dose was used as an additional confounder in these analyses as it correlates positively with the concentration of plasma AVP [Goekoop et al. 2006] . In summary, we hypothesize the plasma concentration of NE to be increased in PSDEP compared with non-PSDEP, and the correlation between plasma NE and plasma AVP still to be present when accounting for several potentially confounding effects.
Methods

Subjects
We reanalysed the data from the same patient sample in which we previously found support for the HAR and ANA subcategories of depression [Goekoop and Wiegant, 2009 ] and a general vasopressinergic theory of depression [Goekoop et al. 2010] . All patients fulfilled DSM-IV criteria [American Psychiatric Association, 1994] for major depression and scored at least 20 on the MADRS [Montgomery and Asberg, 1979] . The 78 patients with complete NE data were selected from 89 patients who were initially included, 9 with PSDEP and 69 with non-PSDEP. There were no significant clinical and demographic differences between these groups. Seventy-five patients had complete AVP data, 9 with PSDEP and 66 with non-PSDEP.
The treating psychiatrist of the inpatient clinic or outpatient clinic made the first diagnosis of major depression. Patients were included if this diagnosis was confirmed by an independent investigator (RFPdeW) using a semi-standardized interview for depressive DSM-IV diagnoses. We used the items of the CPRS [Goekoop et al. 1992 ] that correspond with the DSM items, and the severity score of at least 3 for each symptom to meet the cutoff criterion for clinical relevance. Patients with an organic disorder, or a primary psychotic disorder, or bipolar depression were excluded. Patients with depression and panic disorder were not included because they participated in a different research project. The Ethical Committee of the Leiden University Medical Centre approved the informed consent protocol. Written informed consent was obtained from all patients. The study was performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki.
Global dimensions of psychopathology, depression severity and subcategories of depression
The global dimensions of Emotional Dysregulation, Motivational Inhibition (Retardation), and Autonomous Dysregulation (Anxiety) and the MADRS score were assessed by RFPdeW using the semi-standardized interview of the CPRS [Asberg et al. 1978] . The MADRS consists of nine items from the dimension of Emotional Dysregulation and one item of the dimension of Retardation.
The melancholic and psychotic subcategories according to the DSM-IV [American Psychiatric Association, 1994] were diagnosed by means of the semi-standardized interview based on the CPRS mentioned above. The melancholic item of 'symptoms being worse in the morning' was scored separately. The symptoms of the psychotic subcategory comprised mood-congruent and mood-incongruent psychotic features. The HAR subcategory was defined by combined abovemedian scores on the dimensions of Anxiety and Retardation [de Winter et al. 2004 ]. The ANA subcategory was defined by a plasma AVP concentration of at least 5.6 pg/ml [Goekoop et al. 2006] .
Psychotropic treatment and smoking habit
Forty-nine of the 78 patients (62%) were using an antidepressant drug for at least 2 weeks, 10 patients (13%) used an antipsychotic drug, and 42 patients (57%) a benzodiazepine. Twenty patients (26%) were completely drug free. To analyse the effect of psychotropic drug dosage as covariate, currently accepted imipramine equivalent values of the dosages were computed [Moleman and Birkenhaeger, 1998 ]. Smoking habit of the 37 patients who smoked was quantified by the mean number of cigarettes on a daily basis during the last month.
Plasma norepinephrine and vasopressin
Within 7 days of the CPRS interview, blood samples were drawn on a single day between 09:00 and 9:30 and between 15:30 and 16:00 under standardized conditions. This implied that all patients refrained from ingesting alcohol and from undertaking strenuous physical exercise for 12 h before the study. Patients sat down 15 min before venipuncture. Smoking was not allowed for 30 min before venipuncture; eating and drinking were allowed ad libitum. Blood was collected in 10 ml vacutainer tubes and immediately stored at 4°C. Within 30 min plasma was separated and stored at −80°C.
Plasma NE concentration was assessed in the biochemical laboratory of the Endegeest Institute for mental illness. NE was extracted with aluminium oxide, and its concentration (pg/ml) was determined by means of highperformance liquid chromatography (HPLC) using electrochemical detection with dihydroxybenzylamine as an internal standard [Javidan and Cwik, 1996] .
Plasma AVP-like immunoreactivity, further referred to as AVP, was determined as described previously [Van Londen et al. 1997 ] by radioimmunoassay using an antibody raised in a rabbit in the Rudolf Magnus Institute. The limit of detection [mean blank + 2 × standard deviation (SD) as criterion] was 0.5 pg/ml for plasma (extracted assay), and the intra-and inter-assay coefficients of variation (CV) were 9.9% and 15.9% respectively. All samples were processed and radioimmunoassayed in duplicate, in one and the same run. The performance of the assay was in the range of the values measured, Effective dose (ED)-20, -50 and -80 being 0.5 pg/ml, 4 pg/ml and 32 pg/ml, respectively. The intra-assay CV was determined using samples taken from a plasma pool with an AVP concentration of around 4 pg/ml that were processed independently before radioimmunoassay. This is close to the cutoff point of 5.6 pg/ml for depression with above-normal plasma AVP [Goekoop et al. 2006 ].
For each patient, mean daytime plasma NE and AVP levels were computed from the morning and afternoon values. As plasma AVP was not normally distributed (Kolmogorov-Smirnov Z = 1.914; p = 0.001), we used log-transformed values (lnAVP) in linear correlation analyses. LnAVP values were normally distributed (Kolmogorov-Smirnov Z = 0.939; p = 0.341).
Data analysis
Chi-square and Student's t-test were used to test differences between the PSDEP and non-PSDEP groups for inpatient versus outpatient treatment and duration of the current episode. The dependence of PSDEP on the three global dimensions of psychopathology was tested by separate logistic regression analyses and the dependence of PSDEP on the combination of these dimensions and the three subcategories of depression by multiple logistic regression analysis. The dependence of plasma NE on smoking habit, age, sex and psychotropic drug dosages or treatments, and three global dimensions of psychopathology and three nonpsychotic subcategories of depression was tested by analysis of covariance (ANCOVA). After a Student's t-test to analyse the uncorrected relation between NE and PSDEP, we used ANCOVA to analyse the relation between plasma NE and PSDEP, using NE as a dependent variable, PSDEP, HAR depression and tricyclic drug treatment as fixed factors, and smoking habit and the three dimensions of psychopathology as covariates. ANCOVA was also used to analyse the correlation between NE as dependent variable and lnAVP as covariate in interaction with the subcategory of PSDEP, with smoking habit and tricyclic drug treatment as confounding variables. Partial correlations between NE and lnAVP were used within the subgroups of PSDEP and non-PSDEP and within the subgroups of melancholic PSDEP in all other patients, controlling for the effects of smoking habit, tricyclic treatment and antipsychotic drug dosage. Fisher's z statistics were used to test the differences between these correlations.
The analyses were carried out with the Statistical Package for the Social Sciences (SPSS) V.18.0.
Results
Demographic and clinical data
The mean age of the 78 patients with complete NE data was 40.2 years (SD = 11.5 years; range 20-64 years); 52 patients (67%) were women. Mean severity according to the MADRS was 30 (SD = 6). The mean age of the nine patients with PSDEP was 44.6 years (SD = 12.5 years) and of the 69 patients with non-PSDEP it was 39.7 years (SD = 11.4 years). The melancholic subtype of depression according to DSM-IV criteria was present in 36 of the 78 patients (46%). Twenty-six patients (33%) had HAR depression. HAR was present in 22 of the 36 patients (61%) with melancholia, and melancholia was present in 22 of 26 patients (85%) with HAR depression. Seven of the nine psychotic patients (78%) had antidepressant treatment versus 42 of the 69 nonpsychotic patients (61%).
Seventy-five patients had complete NE and AVP data. Nine of these 75 patients (12%) had psychotic depression. Fourteen (19%) had ANA depression. Seven of the 25 patients with HAR (28%) had ANA depression, and HAR was present in 50% of the patients with ANA depression. ANA depression was present in 9 of the 34 patients (27%) with melancholia, and melancholia was present in 64% of patients with ANA depression.
Mean antipsychotic, antidepressant and benzodiazepine dosages, if the dosage was greater than 0, were 3.4 mg (SD = 2.8 mg) haloperidol equivalents, 157 mg (SD = 84 mg) imipramine equivalents, and 38 mg (SD = 41 mg) chlordiazepoxide equivalents. Ten patients (3 with PSDEP) used a tricyclic antidepressant, 20 patients (3 with PSDEP) used an SSRI and 16 patients used an serotonin-norepinephrine reuptake inhibitor (SNRI) (1 with PSDEP). Mean equivalent dosages for these three groups were 173 mg (SD = 82 mg), 160 mg (SD = 57 mg) and 157 (SD = 116 mg) respectively. Nine of the 10 patients with tricyclic treatment had a higher dose than 100 mg, which is about the mean dose minus twice the SD of the study that demonstrated the increasing effect on plasma NE [Veith et al.1994] . The one patient with a too low dose had PSDEP and used 75 mg. We used the criterion of at least 100 mg for the selection of patients with a minimally adequate dose, hereafter called 'tricyclic treatment'. The mean number of cigarettes smoked was 10 (SD =13). In the group of smokers (n = 37) the mean was 21 (SD = 12); 2 patients smoked one cigarette/day, and 35 patients at least five cigarettes/day. Thirtytwo patients were inpatients (41%), 7 of whom had PSDEP (78% of all patients with PSDEP) (χ 2 = 5.680; p = 0.017). The mean duration of the current episode was 6.6 months (SD = 6.7); Student's t-test showed that the difference between the PSDEP group (5.3 months; SD = 2.4) and the non-PSDEP group (6.8 months; SD = 7.0) was statistically nonsignificant.
Psychotic depression and relations with other subcategories of depression and dimensions of psychopathology
In the whole group of 78 patients, 7 of the 9 patients with PSDEP (78%) also fulfilled the criteria for melancholic depression, and 5 had HAR depression (56%). Three of the nine patients with PSDEP had ANA depression (33%). From the three patients with ANA and PSDEP, two fulfilled the criteria for both HAR depression and melancholia, and one had only melancholia. Separate logistic regression analyses and multiple logistic regression analysis of the relation between PSDEP and the melancholic, HAR and ANA subcategories showed PSDEP to be statistically nonsignificantly related to the melancholic subtype (Wald = 3.722; p = 0.054), while the relations with the two other subcategories were clearly statistically nonsignificant. Separate logistic regression analyses of the relation between PSDEP and the global dimensions of psychopathology showed PSDEP to depend on Emotional Dysregulation (Wald = 8.559; p = 0.003) and Retardation (Wald = 4.015; p = 0.045). Multiple logistic regression with PSDEP as a dependent variable and the three global dimensions of psychopathology, Emotional Dysregulation, Retardation and Anxiety, as independent variables showed that PSDEP related only to Emotional Dysregulation (Wald = 8.559; p = 0.003). The addition to the regression model of the three subcategories of depression, melancholia, HAR and ANA depression, did not result in a relation with any of these subcategories and did not change the relation between PSDEP and the dimension of Emotional Dysregulation. If the MADRS was used instead of Emotional Dysregulation than the result was highly comparable (Wald = 8.472; p = 0.004).
In conclusion, Emotional Dysregulation was highly significantly related to PSDEP and was a better measure of inherent nonpsychotic psychopathology of PSDEP than the melancholic subtype or the dimension of Retardation. Emotional Dysregulation was therefore used in the subsequent analyses as covariate to test for the role of general severity of depression in the relation between PSDEP and NE.
Plasma norepinephrine concentration and relations with drug treatment and drug dosage, smoking habit, demographic data, dimensions of psychopathology and subcategories of depression, and duration of the disease and inpatient or outpatient treatment Table 1 shows the plasma concentrations of NE in depression and its subcategories compared with their complementary subgroups of patients with depression. Student's t-tests did not reveal a relation between NE and any of the nonpsychotic subcategories. ANCOVA without the subcategories as fixed factors showed that plasma NE concentration in the whole group of 78 patients was not related to the dosages of antipsychotic, benzodiazepine and antidepressant drugs (F= 0.042, p = 0.838; F = 0.042, p = 0.838; F = 0.0274, p = 0.602 respectively). However, the NE concentration appeared to depend significantly on smoking habit and tricyclic treatment. Smoking habit was negatively related to NE (F = 6.826, p = 0.011) and positively related to tricyclic treatment (F = 6.448; p = 0.013). The SSRI and SNRI treatments were not related. The addition of age and sex to the ANCOVA model resulted in a significant relation with age (F = 4.128, p = 0.046) that slightly reduced the strength of the relation with smoking habit (F = 6.653, p = 0.012), while no relation was found between NE and sex (F = 0.085, p = 0.771).
ANCOVA in the 75 patients with complete NE and AVP data, using NE as a dependent variable, the subcategories of melancholic, HAR and ANA depression as fixed factors, and smoking habit, age and tricyclic treatment, and the three nonpsychotic dimensions of Emotional Dysregulation, Retardation and Anxiety as covariates, showed that NE was still negatively related to smoking habit (F = 8.525, p = 0.0054) and positively related to tricyclic treatment (F = 10.146, p = 0.002), but no longer with age (F = 0.628, p = 0.431). The HAR subcategory was negatively related to plasma NE (F = 4.786, p = 0.032), and the dimensions of Retardation and Anxiety were each positively related to NE (F = 5.372, p = 0.024; F = 7.315, p = 0.009 respectively). The dimension of Emotional Dysregulation was not related to NE (F = 1.058, p = 0.307). Duration of present episode and inpatient or outpatient treatment were not related to NE.
In conclusion, smoking habit, tricyclic treatment and HAR depression were found to be related to plasma NE. The intensity of the dimension of Emotional Dysregulation that specifically relates to PSDEP was not related to plasma NE, while the dimensions of Retardation and Anxiety that were not related to PSDEP, related to NE. The dimension of Emotional Dysregulation could therefore be used to test if the severity of depression that is an inherent aspect of PSDEP is involved in the relation between NE and PSDEP.
Smoking habit and tricyclic treatment were subsequently used as other potential confounders in the analyses involving NE and PSDEP, as were the other two global dimensions of psychopathology and the HAR subcategory.
Plasma norepinephrine concentration in psychotic depression compared with nonpsychotic depression
A separate Student's t-test showed a statistically nonsignificant increase in NE in PSDEP (Table 1) . ANCOVA in the 78 patients with complete NE data, using NE as a dependent variable, PSDEP (n = 9) versus non-PSDEP (n = 69) and tricyclic treatment as fixed factors, and smoking habit as covariate showed that PSDEP was positively related to NE (F = 4.207, p = 0.044), while smoking habit was negatively related (F = 8.203, p = 0.005) and tricyclic treatment was positively related (F = 5.682, p = 0.020). Addition of the three dimensions of psychopathology, Emotional Dysregulation, Retardation and Anxiety, to the ANCOVA model resulted in a weak increase in the strength of the dependence of NE on PSDEP (F = 4.429, p = 0.039), while the strength of the relation with tricyclic treatment increased (F = 7.799, p = 0.007) and that of the relation with smoking habit decreased (F = 6.417, p = 0.014). Compared with the results of the analysis of the previous subsection in the absence of PSDEP Emotional Dysregulation was now negatively related to NE (F = 5.270, p = 0.025), while Retardation and Anxiety were still positively related (F = 5.623, p = 0.020; F = 5.378, p = 0.023 respectively). If the interaction between PSDEP and Emotional Dysregulation was added to the ANCOVA model there was no evidence of a deviant relation between Emotional Dysregulation and plasma NE in PSDEP (F = 0.057, p = 0.955). Accounting for the high intensity of depression inherent to PSDEP will therefore have resulted in the detection of a general negative relation between Emotional Dysregulation and NE.
If the subcategory method was used to analyse for additional psychopathology instead of the multidimensional method, then the addition of the HAR subcategory to the ANCOVA model with smoking habit and tricyclic treatment as covariates resulted in a somewhat lower significance of the relation between NE and PSDEP (F = 4.018, p = 0.049), despite HAR in this analysis not being related to plasma NE (F = 0.001, p = 0.978). The use of the melancholic subcategory in the ANCOVA model instead of the HAR subcategory resulted in a loss of significance of the relation between NE and PSDEP (F = 2.928, p = 0.091) and a nonsignificant positive relation with the melancholic subcategory (F= 1.742, p = 0.191). This suggests that the relation between PSDEP and NE may be specific for patients with PSDEP and melancholia. This was supported by a similar ANCOVA using the subcategories of patients with melancholic PSDEP (n = 7) and all other patients (n = 71) as fixed factor (F = 5.294, p = 0.024). The addition of the three global dimensions of psychopathology as covariates to the ANCOVA model resulted in further strengthening of the relation between this subcategory and plasma NE concentration (F = 5.975, p = 0.017).
In conclusion, the concentration of plasma NE appeared to be increased in PSDEP compared with non-PSDEP. If the positive relations with Anxiety and Retardation were accounted for, then the intensity of Emotional Dysregulation appeared to be generally negatively related to plasma NE. This applied to patients with psychotic and nonpsychotic depression. The relation between PSDEP and NE was particularly present in patients with PSDEP and melancholia. Figure 1 shows the uncorrected positive correlations between plasma NE and lnAVP in PSDEP and non-PSDEP. Partial correlations between NE and lnAVP were analysed in the subgroups of PSDEP (n = 9) and non-PSDEP (n = 69), and in the subgroups of melancholic PSDEP (N = 7) and all other patients (N = 71), controlling for the effects of smoking habit, tricyclic treatment and antipsychotic drug dosage. These analyses showed positive correlations in both psychotic groups (r = 0.729 and r = 0.718 respectively), and the absence of a correlation in the two patient control groups (r = 0.050 and r = 0.049). Fisher's z test showed that these correlations differed significantly in both comparisons (z = 4.11, p < 0.01; z = 3.32; p < 0.01).
Correlation between plasma norepinephrine and vasopressin in psychotic depression
Discussion
Increased noradrenergic activation in psychotic depression
This study confirmed the hypothesis that PSDEP is characterized by an increased concentration of Seventy-eight patients with depression were divided into psychotic (n = 9) and non-psychotic depression (n = 69). Lines represent uncorrected regression coefficients of the correlation between norepinephrine (pg/ml) and lnAVP.
plasma NE, and reconfirmed the correlation between plasma NE and AVP concentrations ] while using a more complete set of confounders in the analyses. The correlation between central and plasma NE [Esler et al. 1995; Kelly and Cooper, 1997; Ziegler et al. 1977] suggests that in PSDEP a high central noradrenergic activation may induce a high noradrenergic-vasopressinergic activation. The role of NE and AVP in the activation of the HPA axis [Al-Damluji, 1993] suggests that an increased noradrenergic-vasopressinergic mechanism combined with the increased vasopressinergic activation of the HPA axis common to all depressive disorders [Goekoop et al. 2010 ] could explain the very high rate of dexamethasone nonsuppression that characterizes PSDEP [Nelson and Davis, 1997] . This hypothesis should be tested in future studies.
The role of confounders
The search for potential confounders appeared to be very useful in this study. As far as the subcategories of depression are concerned, neither melancholia according to the DSM-IV-TR nor the better validated HAR and ANA subcategories appeared to be significantly related to PSDEP, and only the HAR subcategory was (negatively) related to plasma NE. In contrast, all three global dimensions of the CPRS [Goekoop et al. 1992] selected for the study eventually appeared to be related to NE. The dimension of Emotional Dysregulation was negatively related, and the dimensions of Retardation and Anxiety positively related, as has been found previously [Roy et al. 1985b ]. In separate analyses PSDEP appeared to be related to the dimension of (psychomotor) Retardation, evidence of which has also been found previously [Parker et al. 1999; Schatzberg and Rothschild, 1992] , and with the dimension of Emotional Dysregulation. However, in multiple logistic regression analysis comparing PSDEP with non-PSDEP, PSDEP did not appear to be related to Retardation, which corresponds with a recent report [Keller et al. 2006] , and only with the dimension of Emotional Dysregulation. The latter finding corresponds with the hierarchic structure that has repeatedly been found for the nonpsychotic symptoms of patients with a depression with psychotic features [Surtees and Kendell, 1979] . In fact, Emotional Dysregulation appeared only to be negatively related to NE after accounting for the effect of the high Emotional Dysregulation inherent to PSDEP.
The use of the dimensions of Anxiety, Retardation and Emotional Dysregulation as covariates therefore enabled a rigorous test of our hypotheses. The finding of patients with melancholic PSDEP having the strongest relation with plasma NE concentration, while not being better characterized by correlating NE and AVP concentrations than the whole subcategory of PSDEP, may suggest a weakness of the diagnostic criteria for melancholic depression. The data warrant further investigation of the most specific nonpsychotic symptoms involved in PSDEP.
In all analyses, smoking habit and the use of tricyclic antidepressant therapy appeared to be highly significant confounders of plasma NE. The negative relation that we found with smoking habit does not seem to correspond to the increasing effect on NE of smoking one cigarette [Grassi et al. 1994] or chronic smoking [Christensen and Jensen, 1995; Christensen and Knudsen, 1998 ] in subjects without depression. However, a comparison of the upper level of the data (see Figure 2 ) suggests that the negative correlation that we found in patients with depression particularly Figure 2 . Relations between plasma norepinephrine and smoking habit. Seventy-eight patients with depression were divided into psychotic without and with tricyclic treatment ≥100 mg (PSDEP, n = 7 and PSDEP + TRIC, n = 2), and non-psychotic without and with tricyclic treatment ≥100 mg (NON-PSDEP, n = 62 and NON-PSDEP + TRIC, n = 7). Lines represent regression coefficients of the correlation between norepinephrine (pg/ml) and smoking habit (number of cigarettes/day).
pertains to high levels of NE in the range above ±320 pg/ml and not to the lower levels that were found in the investigation of subjects without depression [Christensen and Jensen, 1995; Christensen and Knudsen, 1998 ]. These data correspond with an antinoradrenergic effect of smoking in several conditions of high noradrenergic activation, like PSDEP and the use of tricyclic antidepressant treatment. The finding of high plasma NE during tricyclic antidepressant therapy corresponds with previous findings for desipramine in depression [Veith et al. 1994] . Although the number of patients with PSDEP on tricyclic treatment was very small, the effects of PSDEP and tricyclic treatment seemed to be additive. The absence of a negative effect of SSRI treatment in this study corresponds with the nonsignificant effect found previously in patients with depression [Barton et al. 2007 ].
Potential causes of increased noradrenergic activation in psychotic depression
Part of the increased noradrenergic activation in PSDEP may be genetically determined [Keller et al. 2007] , and another part may be related to traumatic experience [Gaudiano and Zimmerman, 2010] . The present study, however, does not permit one to analyse these etiological factors.
The genetically increased release could be due to a reduced activity of catechol-O-methyl-transferase via a genetic polymorphism of this enzyme, which has been found to be associated with psychotic disorder combined with depression [McClay et al. 2006] . The increased correlation between NE and AVP could be due to an increased function of the excitatory α-1 receptor of the PVN [Al-Damluji, 1993] . Whether this would be due to a stress-induced sensitization mechanism analogous to the increase in NE transmission after a single administration of interleukin 1-α or amphetamine, in which sensitization of α-1 receptors for a stress condition may play a role [Jansen et al. 2003 ], is a matter for future studies. Since increased vasopressinergic activation may be a general mechanism in all depressive disorders, and subcategories are supposed to be characterized by specific vasopressinergic mechanisms [Goekoop et al. 2010 ], we assume that increased α-1 receptor-mediated noradrenergic activation of AVP release is the specific mechanism involved in PSDEP. As α-1 receptor-mediated noradrenergic activity also induces a reduction of the prepulse-inhibition and an increase of conditioned avoidance behaviour, both being targets in animal models for antipsychotic drug development [see Wadenberg et al. 2000 ], the same noradrenergic mechanism could be involved in the increased activation of the HPA axis and in the production of psychotic symptoms. As a consequence, pharmacological treatment involving a blockade [Wadenberg et al. 2000] or downregulation [Subhash et al. 2003 ] of the α-1 receptor could be a specifically efficacious component of pharmacological treatment of PSDEP.
The primary role supported by the present study for increased release of NE and increased α-1 receptor function in PSDEP implies that the meaning of previous findings in the field of noradrenergic and dopaminergic function should be reconsidered. Previous findings in PSDEP are a reduction of dopamine-beta-hydroxylase (DBH) activity and an increased concentration of plasma dopamine [Rothschild et al. 1987] compared with patients with non-PSDEP and normal controls. As far as dopamine release is concerned, evidence of a noradrenergic, α-1 mediated activation of that release from the ventral striatum has been found [Verheij and Cools, 2008] . Our present findings suggest that the previously found reduction of DBH activity in PSDEP could not be secondary to increased HPA axis function, as has been suggested [Cubells et al. 2002] , but could actually depend more directly on the increased noradrenergic activation. Whether chronic downregulation of the synthesis of DBH occurs as an adaptation to a high tonic noradrenergic condition will have to be investigated in patients with PSDEP. Up to now only a statedependent decrease in DBH activity has been found in children and adolescents with acute depression [Paclt et al. 2009 ].
Other potential mechanisms involved in the relation between noradrenergic activation and dimensions of Anxiety and Retardation
As far as the inhibitory presynaptic or even postsynaptic α-2 receptor function is considered, many studies in PSDEP [Duval et al. 2006 ] and in non-PSDEP [Ressler and Nemeroff, 1999; Siever and Davis, 1985] have reported a reduced clonidine-induced increase in growth hormone, corresponding to a reduced or downregulated α-2 receptor. Since this evidence of reduced α-2 receptor function has been found in non-PSDEP and PSDEP, and has been interpreted as a consequence of increased HPA axis activity in general, this reduction probably does not function as a specific and pathogenetic factor in PSDEP. The increased release of NE due to reduced inhibitory presynaptic α-2 function could correspond to increased cerebrospinal fluid or plasma NE and the large subgroup with melancholia compared with normal controls [Roy et al. 1985b; Wong et al. 2000] , and with the positive relations between plasma NE and the dimensions of Retardation and Anxiety, which we found in the present study and have been found before in patients with depression and melancholia [Roy et al. 1985b ]. These findings further stress the necessity to control for the confounding effects of these dimensions of psychopathology in studies of the relation between NE and PSDEP. Finally, a deficient negative feedback mechanism could also be involved in these changes. Since cortisol normally inhibits noradrenergic activation of the PVN via the glucocorticoid receptor [Kvetnansky et al. 1993; Pacak et al. 1995] , hypofunction of this receptor could play a role, if premorbidly present and as a consequence of downregulation due to chronic stress [de Kloet et al. 1998; Raison and Miller, 2003] .
Support for psychotic depression as a distinct subcategory of depression
Since the data suggest that increased release of NE in PSDEP is not just a state-dependent change, the specific relation between PSDEP and the temperament of low reward dependence (RD) after full remission of the depressive disorder, next to the temperament of high harm avoidance of all patients with depression may be seen as further support for the noradrenergic hypothesis of PSDEP, as the personality trait of RD has been found to be related to noradrenergic activity [Curtin et al. 1997; Garvey et al. 1996; Ham et al. 2005; Mitropoulou et al. 2003; Samochowiec et al. 2002; Yamano et al. 2008] . The low instead of high score on the RD dimension in PSDEP suggests that an inverted U-curve relationship could be involved between NE and RD.
The combined findings of relations between PSDEP and the dimension of Emotional Dysregulation, increased concentration of plasma NE, positively correlating NE and AVP concentrations, personality trait of low RD and the state-dependent reduction of cooperativeness support the hypothesis of PSDEP as a distinct psychotic subcategory of major depression [Schatzberg and Rothschild, 1992] that combines a dimension of Emotional Dysregulation with a psychotic dimension [Keller et al. 2007 ]. Further studies in these fields are warranted, particularly studies of the pathogenetic role of stress-induced variations of NE in patients at increased risk from the development of poor memory performance, unusual thought content and psychotic symptoms [Keller et al. 2006 ] and the effect of α-1 receptor blockade.
Limitations
The limitations of this study are the small number of patients with PSDEP, and the use of psychotropic drugs by all patients. The results need to be replicated in a larger patient sample. Since drug withdrawal of patients with PSDEP is ethically not very acceptable, the ideal of the recruitment of a large group of drug-free patients with PSDEP will not be easily attainable. The validity of the semi-standardized diagnostic method for major depression and its DSM-IV subcategories used in this study needs to be investigated by a comparison with one of the current (semi)standardized diagnostic interviews.
